Summary
Three types of lesion were present in the lungs of guinea pigs with chronic pneumonia -pulmonary interstitial fibrosis, perivascular lymphoid hyperplasia and foreign body granulomas. Bordetella bronchiseptica was present in the nasopharynx, trachea and lungs of a high proportion of animals from 4 weeks old, and antibodies to this organism were also found. Animals removed at 4 days old and reared in isolation from the main colony and free from B. bronchiseptica developed similar lung lesions, so that B. bronchiseptica appeared to have no causative role in these forms of chronic pneumonia.
Pneumonia lind related lung lesions constitute some of the commonest disease problems in guineapig colonies (Branch, 192 7; Franks & Chesterman, 1962; Seamer & Chesterman, 1967; Kunstyr & Heimann, 1976) . Such respiratory disease is difficult to eliminate and seriously compromises the quality of the animals. A number of workers over many years have investigated guineapig pneumonia (Worden & Lane-Petter, 1957 ; Thompson, Hunt, Fox & Davis, 1962; Franks & Chesterman, 1962) and there is general agreement that in addition to acute pneumonia, several different chronic pathological entities exist. The commonest of these is pulmonary interstitial fibrosis (PIF), in which there is increased fibroplasia of interalveolar septa and a variable infiltration of them by macrophages. The other conditions are perivascular. lymphoid hyperplasia (PVL), characterized by the formation of discrete lymphoid nodules around peripheral blood vessels (Thompson et al., 1962) and foreign body granulomas, resulting chiefly from inhalation of bedding and food materials.
Numerous organisms have been isolated from the lungs of guineapigs with acute pneumonia and include Bordetella bronchiseptica, streptococci, staphylococci, Pasteurella multocida, Klebsiella pneumoniae and a number of viruses (Worden & Lane-Petter, 1957; Rigby, 1976; Hsiung, Bia & Received 29 January 1982 . Accepted 16 March 1982 . Fong, 1980 . However, the role of these in the causation of the chronic conditions described above has never been defined. PIF and PVL are present in many commercial colonies. Their causes and pathogenesis are unknown, though PIF is often assumed to be caused by chronic infection of the lungs with B. bronchiseptica.
The purpose of this study was to examine the pathogenesis of chronic lung lesions in guinea pigs from a colony in which B. bronchiseptica is enzootic and to determine the role of this organism in their causation.
Materials and methods
Before the present study pathological examination of the lungs, bacteriology of the nasopharynx and trachea and serology had been carried out on the guineapig breeding colony as part of a health monitoring programme. A wide age range was sampled at 6-12 week intervals over a 6 year period. The methods used were similar to those described below. Animals used in the present study were 1. conventionally reared guineapigs in the breeding colony; 2. early weaned animals reared in isolation from the main colony.
Colony-reared guineapigs
Dunkin-Hartley guineapigs of either sex were taken from the same breeding colony. The animals were bred randomly in harems of 1 male to 5 females. RGP (Labsure, Christopher Hill Group Ltd, Poole) diet and water was fed ad lib and autoclaved hay was given to the breeding females. Young were weaned when approximately 2 weeks old. Autoclaved wood shavings (Grade 18 soft wood sawdust; Sawdust Marketing Co.) were used as bedding material for breeding animals in solid floored boxes, but weaned young stock were reared without bedding on grid floors.
Isolated guineapigs
A group of 4 day old animals was removed from the above colony to be reared in a separate building in solid metal cages. No further additions were made to the group and there were no contacts with the main colony. Guinea Pig Milk Substitute based on the formula of Horton & Hickey (1961) was made available for the first 7 days as well as RGP pellets and thereafter they were fed RGP only. Wood shavings as above were used as bedding for all ages.
A total of 208 animals was used for histopathological and bacteriological studies. These consisted of groups of 4-10 colony-reared guineapigs taken at 4-7 day intervals at ages ranging from 1 day to 8 weeks old, together with older animals 4 months-2 years old. Similar sized groups of animals from the isolated colony were taken at 1-2 week intervals from 4-13 weeks of age.
Pathology and bacteriology All animals were killed by intraperitoneal injection of pentobarbitone sodium. At necropsy immediately after death the trachea and lungs were removed aseptically en bloc. A portion of the upper trachea and the clamped-off left or right cranial lung lobe were taken for bacterial culture. The remainder of the lungs was then fixed for histopathology by infusion of 10% buffered neutral formalin via the trachea. The nose was removed at the level of the orbit with bone forceps. After fixation in formalin the nasal structures were decalcified in Gooding and Stewart's fluid and cut transversely to provide tissue blocks from three levels. All tissues were processed by standard methods and embedded in paraffin wax. Sections 5 J..l.mthick were stained by haematoxylin and eosin, and selected sections were stained by Gram, by Gordon and Sweet's method and by Verhoeffvan Gieson.
A macerated portion of lung and swabs from the nasopharynx and trachea were plated onto 5% horse blood agar and DCLS agar (Oxoid Ltd, Wade St., Basingstoke) and incubated aerobically 291 at 37°C for 48 hours. Non-fermenting small sticky colonies on the DCLS agar and small domed cream colonies on blood agar were identified as B. bronchiseptica by a slide agglutination test using specific B. bronchiseptica antiserum raised in rabbits to B. bronchiseptica isolated from guineapigs. Other bacteria were identified using methods described by Cowan (1974) .
Serology
Serum antibodies to B. bronchiseptica were detected by an indirect haemagglutination test using goose erythrocytes sensitized with specific B. bronchiseptica lipopolysaccharide (MacLennan, 1960) .
Results

Routine health monitoring programme
The bacteriological and serological findings are shown in Table 1 , from which it can be seen that B. bronchiseptica was first isolated from the nasopharynx or trachea of weaned guineapigs aged 2-3 weeks. The incidence reached a maximum at 2-3 months and then declined in adults.
The distribution of serological titres to B. bronchiseptica in various age groups is also shown in Table 1 . Most animals of all ages had reciprocal titres of 16 or less, but the number having titres of 4 and above was higher in the 7-12 week and adult guineapigs than in the younger ones. There was no apparent correlation between presence or absence of the organism and antibody titre.
Pathological findings in the health monitoring programme were similar to those in the present study.
Bacteriological findings
Bordetella bronchiseptica: As shown in Table 2 B. bronchiseptica was isolated from the 3 regions of the respiratory tract in a high proportion of colony-reared guinea pigs over 39 days of age, all of which were clinically normal. was not isolated from any region of the respiratory tract of the guineapigs weaned at 4 days and reared in isolation. In an earlier experiment in which 16 guineapigs were reared in isolation from 4 days old, the nasopharynx, trachea and lungs were also culturally negative for B. bronchiseptica.
Other bacteria: Klebsiella pneumoniae (sensu lato), staphylococci, streptococci and anum ber of enterobacteria were cultured from the nasopharynx of a few colony-reared and isolated guinea pigs. Occasional colonies of the organisms were recorded in the trachea and lungs in both series of animals.
Macroscopic findings
Macroscopic lesions were seen only in the lungs of guinea pigs of 4 weeks or older and had a similar prevalence in the main colony and in isolated animals. They consisted initially of small redpurple areas on the surface and in the su bstance of all lobes of the lungs. In older animals lesions were more extensive and formed coalescing blotchy areas throughout all lobes.
Histopathological findings
Lesions were not found in the lungs of any guineapig up to the age of 4 weeks when the earliest lesions of PIF were detected. They were predominantly peripherally situated, often subpleural, and particularly involved alveoli adjacent to respiratory bronchioles. The changes at this stage consisted of small pneumonic foci in which alveoli contained a few macro phages and polymorphonuclear leucocytes (PMN). This cellular infiltration was accompanied by slight thickening of the associated interalveolar septa. The nature of the lesions was identical in both groups of guineapigs. After 5 weeks the condition progressed and involved larger areas of the lung (Fig. 1) . The changes were those of an interstitial pneumonitis and both cellular and fibrous elements were present. PMN were scanty even in the early stages and were rare in later lesions. Sections stained for reticulin and collagen fibres showed an increased fibre content (Fig. 2) , but elastic tissue was present in normal quantities. Airway epithelium at all levels and alveolar epithelium appeared normal. The increased interstitial cell population of the alveolar walls was due to increased num bers of macrophages, fibroblasts and occasional lymphocytes. PIF was present in 10% of animals of all ages (21/208), but in 14,8% (4/27) of adults (> 16 weeks old).
Two other types of pathological lesion were observed. These were foreign body granulomas and perivascular lymphoid nodules (PVL). The granulomas were not infrequently found in guineapigs as young as 2 weeks but occurred even more commonly in older animals. The prevalence in all animals was 16% (35/208). The lesions consisted of portions of vegetable material of varying size surrounded by cell debris, multinucleate giant cells, macrophages, PMN, fibroblasts and a variable amount of fibrous tissue. Vegetable foreign bodies were also found in some airways (Figs 3 & 4. ) Histological examination of samples of food pellets, hay and shavings showed that particles similar in structure to the foreign bodies were present in all three materials.
The lymphoid aggregates were predominantly, but not exclusively, perivascular and were usually peripherally situated and associated with small veins and venules (Figs 5 & 6) . Peribronchial lymphoid aggregates, when present, were not larger than those of lungs which did not contain PVL. Many of the lymphoid masses formed discrete follicles and their growth had caused compression atelectasis of adjacent alveoli (Fig. 6) . The follicles contained small and large lymphocytes, together with occasional large phagocytic histiocytes with clear cytoplasm in which cellular debris was prominent.
Plasma cells were not a feature. Germinal centres were not seen, but mitotic figures were abundant in the lymphoid cell population. PVL lesions were present only in guineapigs older than 6 weeks and even then varied considerably in extent. Some animals had only PVL (5'3% (I 1/208) overall, 29'6% (8/27) of adults), some had both PIF and PVL (Fig. I) (I I' 5% (24/208) overall, 40% (11/27) of adults). In the latter the interstitial fibrosis frequently involved interalveolar septa at the periphery of the lymphoid nodules. In other animals (I 0% (21/208) overall, 14'8% (4/27) of adults) PIF was present as the only lesion. Significant pathological changes were not found in the nasal mucosa or trachea.
Discussion
The results presented here show that in this guineapig colony there was no correlation between the presence of B. bronchiseptica and the occurrence of the chronic lung lesions PIF and PVL. Although B. bronchiseptica was first isolated at the same time as the early PIF lesions and an association thus looked probable, the early-weaned animals reared in isolation and maintained free breeders the dela in a is sa e, n t ese isolated animals the PIF had a similar time course and progressed to the same extent. The PIF lesions commenced with migration of macrophages and occasional PMN into groups of alveoli. This phase, however, was of short duration and subsequently the lesion was one of fibroplasia-proliferation of fibroblasts and increased production of collagen, with macrophages remaining in the interstitial tissue. Infiltration by lymphocytes and other inflammatory cells was minimal.
In the present study B. bronchiseptica was absent from the respiratory tract of the isolated guinea pigs and from those in the main colony less than 28 days old. It was recovered from the nasopharynx and trachea of a proportion of colony guineapigs at 28 days, but not from the lungs. The lungs did not become colonised until 39 days of age and after this time a high proportion of clinically normal animals carried B. bronchiseptica in the nasopharynx, trachea and lungs. Although the young are exposed throughout the neonatal period to B. bronchiseptica carried by the adult from B. bronchiseptica also developed PIF at the ?J almost cer allTly-tlu e possession of maternal ( antibody, since 40% of animals 4-7 days old had significant antibody titres. In the older carrier animals it is probable that the bacteria merely colonise the mucosal surface of the nasopharynx and trachea but cause no lesions, since none were found in these tissues. This situation is similar to that in the rabbit (Griffin, 1952; Winsser, 1960) .
Varying antibody titres to B. bronchiseptica were also present in animals of all ages from the main colony but were absent from those in the isolated colony at 13 weeks. Other bacteria isolated from the nasopharynx included Klebsiella pneumoniae, streptococci, staphylococci and enterobacteria. These organisms were only occasionally found in the lungs and then merely as single colonies. It is therefore unlikely that they were responsible for the PIF lesions. Electron microscopical observations (Baskerville, Dowsett & Baskerville, in press) failed to reveal bacteria, mycoplasmas or viruses in any of the lung specimens, either from the main colony or from isolated guineapigs. The cause of PIF thus remains obscure.
The fibroplasia could represent the end-stage of an allergic response to an inhaled antigen. However, the lesion was not preceded by pulmonary oedema formation or fibrin exudation in alveoli or airways, which usually occur in the early stages of allergic respiratory conditions of man and animals (Spencer, 1973; Breeze, Pirie, Dawson, Selman & Wiseman, 1975) . It is also improbable that such a high proportion of guineapigs in an outbred colony would be allergic to the same environmental agent.
It is possible that the foreign body granulomas might playa part in the initiation of PIF, necrosis of macrophages and giant cells resulting in the release of fibrogenic substances over a prolonged period. This has been shown to occur in man and experimental animals after inhalation of mineral dusts such as silica (Allison, Harrington, Birbeck & Nash, 1965; Spencer, 1973) but vegetable material is much less fibrogenic and only certain types of it induce fibrosis (Spencer, 1973) . The granulomas occupied only small isolated foci in the lungs, whereas PIF was much more widespread. Franks & Chesterman (1962) also noted vegetable foreign bodies, but in a much smaller proportion of guinea pigs than here (2% compared with 16%), a fact which probably reflects different husbandry practices. The vegetable bodies in our animals were shown by histology to originate from the food, hay and wood shavings.
It is difficult to determine whether PVL and PIF are separate entities. Even though the two conditions may occur in the same animal, both PIF and PVL do occur alone. They thus either have different causes or represent two different responses to the same insult. The perivascular lymphoid aggregates are similar to those seen in chronic pulmonary mycoplasma infection of rats (Innes, McAdams & Yevick, 1956) , mice (Niven, 1950) and pigs (Pattison, 1956) , except that they lack the high plasma cell content, a feature which may be highly significant. However, mycoplasmas were not found in the lungs by electron microscopy at any stage (Baskerville et al., in press) and therefore appear not to be the cause of the condition. The pathological features of PVL were defined and described in detail by Thompson et al. (1962) , who were also unable to find its cause. In some of the older animals in these colonies, particularly those with both PIF and PVL, the fibrosis and lymphoid hyperplasia were so extensive that the lesions resembled those of maedi in sheep (Georgsson & Palsson, 1971) . Maedi has been shown to be caused by a 'slow' virus of the retrovirus group (Gudnadottir & Palsson, 1967; Sigurdardottir & Thormar, 1964) and it is possible that PIF and PVL in guineapigs also have a 'slow' virus aetiology.
